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PROCESS FOR MULTISTAGE CATALYTIC REFORMING WITH INTERSTAGE AROMATICS REMOVAL 

CROSS REFERENC R TO RELATED APPUCATIONS 

^o.^S^^tS^£^%^°^J;^^^:^^^J-\ r^"^"^'^ ^"^^^'"'"a a gasoline boiling ,^ge 
between stages ^ reforming .s conducted ,n multiple stages with aromatics separation 

BACKGROUND OF THE INVENTION! 

stSht^n gtotel Rio^ina'Sbel'^'L''" ""^T^.'^l """^^'"3 ''-"^ -P-^thas or 

reactions. pLuceTby ShSS^^^^^ 

dehydrocyclization of paraS sSTS^nf toST™ alkylcyclopentanes. and 

alkylcycloparaffins to wctehe^!?*^ ^c«*^f! of n-paraffins; isomerization of 

parens lichproSices g^ anSlS^b^ substituted aromatics; and hydrocracking of 

haiide. pSi?IlLS°ch"ii?e°Tovld:f L"^^^^^^^^^^^ "^f^ -"^'V -"tains a 

20 hydrocracking reactions tunctionality needed for isomenzation, cyclization. and 

eaSytSSS^^^wS^^^^^^^^^ 

ra{:-«rtS~ 

- srr=---^^^^ 

reforming process xx^Us^^X^^^XaIT s^mlregenerative reforming, the entire 

for deactivatfon IfTe c^tS iSid b^^^ temperature to compensate 

regeneration and reactlvSon^f t^ cSlvst if ^h^^^ until finally the entire unit is shut-down for 

30 effect swung out of linrbv v^'o^s nS^n ^ reforming, the reactors are individually isolated, or in 
deposits, and thl iJoS^^L whTthTSL^^^^^^^^ regenerated by removing coke 

temporariV replaces a reactor which Is .^ZZIT) 1 °" "^"S reactor* 

catistv^lch isthen pLrSckrthropriP^^ \ ^«9«"«ra«o" «nd reactivation of the 

as opposed to Vxed S^^ri rpo^^^ •![ °°"t'""o"s reforming, the reactors are moving-bed reactors 

35 regen'e^^l in°a"2p2tt SSrvess'S'^^"^ ^^^^^ °^ 

rellTlverhiST oSn^TrSuTsli^^wS^a'^^^^^^^^ *° """^^^ ^"^"^ ^•^'"^^ - "^"'^ 

reforming. For ex^pie Tf a orolt^'"', ^ ^ • 1"^"^ °^ P'*''^"^' ^t^^^'" f™"' c^talytL 

number) the severty of^efor^^™ ^ °^ '^'S^^'' ^"^^ i^^^^^o'^ octane 

space velocity oTrncriinorea.^^^^^ ^^"^'^''^ ^''oo'^P'ished by reducing the 

product is deliraWrit haTdfeSSteals^^^^^^^^ T'^^^^ ^^^^^'^ ^ "^'Sl^^^ ^'^t^"^ 

percent of the n^^Site f^edSSnS usua^^ ri^^^ ^^^T"^ "'"^'^^ ^^^"^^^ ^"^^ y'^"! °* a 

'Xi:^rStB'E^B^^'^^ cJpKd^":^;-^^^^^^^^^ - -avst. thus 

separating an a^SL ri^f Sh ^cfan.* .t ^y -"ducting the reforming in multiple sta^ges and 

reforming at low Teveriti ^n a Lt "^^^ ««P^«0" ^ performed after 

alkylcyclopentanes tHr^^a L w h rnS^^ *° """^t °^ alkycyclohexanes and 

paraffin-rich, or JoLlS^el^ st7el is n^^^ T^'^T^ °' P^^""^" ^^•"^'"'"S 

50 severity and preferably at StivS^w preL^r^^'' downstream stage, or stages, at relatively high 

refSfngTocels'unT 'Zr^^^^^^^^^ ^T^l^^ reactors of a 

.5 tw::;srd?2i^nr^^^^^^^ 
LxrLf^e^i--^^^^^ 

are distiUed to aSeve^rther isSon o^ ^o^^^c'^f ^l"* ^" ^^omatics-Iean stream, both of which 
permeation procesrmS be comb S wit^^ '^"^''^ aromatics-lean stream from the 

60 hydroformed. or I^^nerteed to^S TtL k^'^T- ^^'^^^^ ^'""^ hydrofomiate distillation and further 
processed using thTpTrme;trorpTirS^^ " 'T'!; hydroformate may be 

followed by further rSomitm withTs^^^^^^ '■®^'"S. foltowed by aromatics separation. 

feedstockisnotsuggSSTn uTpat^^^^ l^"^'^^ significant fraction of the paraffins In the origina 
noi suggested m U.S. Patent No. 2.970,106. Operation of the firet-stage at high octane (99 9 RON) 
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would result in very high conversion of feed paraffins. For example a key paraffin, n-heptane and its votous 
isomers would be about 46 to 540/o converted at 99.9 RON for a petroleum naphtha cut (ISSo/SSOop) 
comprised of 690/o paraffins. 270/o naphthenes. and 140/o aromatics. which percents are liquid volume percent 
on total paraffins, naphthenes and aromatics present in the feed. In accordance with the process of the 
present Invention, conversion of the n-heptane and its various isomers would be only about 1 1 to 14o/o in the 
first reforming stage-thus allowing more selective (less paraffin cracking) conversion to aromatics in the lower 

pressure second-stage. . . . 

Also U S Patent No 3 883,418 teaches refonming a feedstock In the presence of hydrogen over a 
bifunctional catalyst in a first stage to convert naphthenes to aromatics. followed by distillation of the first 
stage product to produce an intermediate boiling (120-260°F) material which is subjected to extractve 
distillation to produce an aromatics-rich extract and an aromatics-lean raffinate. The aromatics-lean. or 
paraffins-rich, raffinate is then reformed in the presence of steam over a steam-stable catalyst. Steam 
reforming employs a steam reaction atmosphere in the presence of a catalyst having a relatively low surface 
area aluminate support material. Refomiing. in accordance with the present invention, employs a hydrogen 
reaction atmosphere, in the substantial absence of steam, and in the presence of a catalyst having a relatively 1S 
high surface area support material, such as gamma alumina. ^ ^. ^ 

Further U S Patent No. 4.206.035 teaches a process similar to U.S. Patent No.. 3 ,883 ,418, except that 
solvent extraction is used to remove aromatics instead of extractive distillation, and the aromatics-lean 
fraction sent to steam reforming is restricted to carbon numbers between 5 and 9. Also, specific hydrogen to 
hydrocarbon ratios and steam to hydrocarbon ratios are required. . ^ ^ - ■ * ^ 

US Patent No 2 933 455 teaches a catalytic reforming process wherein the entire feedstock is first 
fractionated The resulting 140° to 210°F and 260° to 420°F fractions are reformed in the presence of hydrogen 
in parallel reformers. In the reforming of the 140° to 2\QP? fraction, the reforming severity is set such that 
naphlhenes are converted to benzene and toluene and the resulting reformate is treated to remove aromatics. 
The remaining stream, containing at least 80 percent paraffins (primarily those containing 6 and 7 carbon 25 
atoms) is blended with the heavy 260» to 420«'F fraction and refonned in a second reformer. This reference 
teaches restricting the hydrocarbons reformed prior to aromatics removal to only the light naphtha 
components which form Ce and Cz aromatics. In addition, it teaches further reforming of the light paraffin-nch 
stream remaining after aromatics removal, in admixture with a heavy feed which is rich in aromatics and ^ 

"^urtheT ti S Patent No 3 640.818 teaches a process wherein virgin and cracked naphthas are reformed In a 
first stage and the reaction stream passed to solvent extraction vrtiere aromatics are removed. The 
paraffinic-rich raffinate is passed to second stage refomiing. preferably at pressures the same or higher than 
the first stage. ^ 

SUMMARY OF THE INVENTION , , „oe«iino 

In accordance with the presen t invention, there is provided a process for catalytically reforming a gasoline 
boiling range hydrocarbon feedstock in the presence of hydrogen in a reforming process unit cornpnsed of a 
plurality of serially connected reactors wherein each of the reactors contains a noble metal-containing 

reforming catalyst composition, the process comprising : 

(a) conducting the reforming in two or more stages comprised of one or more reactors; 

(b) separating at least a portion of the reaction stream between each stage into an aromatics-nch and 
an aromatics-lean stream; 

(c) passing at least a portion of the aromatics-lean stream to the next downstream stage; and 

(d) conducting the refomiing of one or more downstream stages at a pressure lower than the first stage 
wherein at least one reactor of one or more of the downstream reactors contains multimetallic 
R-containing reforming catalyst. , . ^ . ^ 

In prefen-ed embodiments of the present invention, one or more of the downstream stages are operated 
such that gaseous products are not recycled. • 

In other preferred embodiments of the present invention, separation of the reaction stream into an 
aromatics-rich and an aromatics-lean stream is accomplished by penneation using a semipentteable 
membrane, adsorption, distillation, or extraction. j » » 

In another preferred embodiment of the present invention, separation of the product stream is 
accomplished by use of a semipermeable membrane comprised of a material selected from the group 
consisting of polyureas, polyurethanes, and polyurea/urethanes. 

m yet other preferred embodiments of the present invention, the catalyst composition of the one or more 
downstream stages is comprised of a Group VIII noble metal, a halide, an Inorganic oxide support, and one or 
more promoter metals selected from those of Groups MIA. IVA. IB. VIB. and VlIB of the Periodic Table of the 

^'^^Tstill^other preferred embodiments of the present invention, the noble metal is platinum, the halide is 
chloride, and the inorganic oxide support Is alumina. ' 
Other preferred embodiments include a catalyst comprised of a noble metal on a crystalline aluminosilicate 

support. . 4 ■ *. 

In yet another preferred embodiment of the present invention, the reforming process unit contains two 
stages, wherein the first stage Is operated in semiregenerative mode and the second stage is operated in 
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cyclic mode. 
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Brief Description of the Figure 

The sole figure hereof depicts a simplified flow diagram of a preferred reforming process unit of the present 
invention. The reforming process unit is comprised of a first stage which includes a lead reactor and a first 
downstrearn reactor operated In semiregeneratlve mode, wherein the reaction stream of the first stage is 
separated into an aromatics-rich stream and an aromatics-lean stream. The aromatics-lean stream is passed 
to a second reforming stage which Includes two serially connected downstream reactors operated in cyclic 
mode wtth a swing reactor. 

Detailed Pescription of the Invention 

Feedstocks which are suitable for reforming in accordance with the instant invention are any 
hydrocarbonaceous feedstocks boiling in the gasoline range. Non-limrtlng examples of such feedstocks 
!rnno^ V hydrocarbon oils boiling from about 70°F to about 500°F. preferably from about 180"F to about 

.T"^^^}^ straight run naphtha, synthetically produced naphtha such as a coal or oil-shale derived 
naphtha, thermally or cataiytlcally cracked naphtha, hydrocracked naphtha, or blends or fractions thereof. 

Refemng to the figure, a feedstock, which preferably is first hydrotreated by any conventional hydrotreating 
method to remove undesirable components such as sulfur and nitrogen, is passed to a first reforming stage 
represented by heater or preheat furnaces Fi and Fs, and reactors Ri and Ra. A reforming stage, as used 
20 herein, is any one or more reactors and its associated equipment (e.g.. preheat furnaces etc.) separated from 
an immediately preceding or succeeding stage by the separation of aromatics from the reaction stream of the 
preceding stage. The feedstock is fed into heater, or preheat furnace, Fi via line 10 where it is heated to an 
effective reforming temperature. That is. to a temperature high enough to initiate and maintain 
dehydrogenation reactions, but not so high as to cause excessive hydrocracking. The heated feedstock is 
then fed, via line 12. into reactor Ri which contains a catalyst suitable for reforming. Reactor Ri. as well as all 
other reactors in the process unit, is operated at reforming conditions. Typical refonning operating conditions 
that can be used for any of the reactors of any of the stages hereof are such that the reactor inlet temperature 
IS from aboi^ 800° to about 1200°F; the reactor pressure from about 30 psig to about 1,000 psig, preferably 
from.about 30 psig to about 500 psig; a weight hourly space velocity (WHSV) of about 0.5 to about 20 
preferably from about 1 to about 10; and a hydrogen to oil ratio of about 1 to 10 moles of hydrogen per mole of 
Cs Teed. 

The reaction product of reactor Ri is fed to preheat furnace F2 via line 14. then to reactor R2 via line 16, The 
reaction product from the first stage is sent to cooler Ki via line 18 where it is cooled to condense the liquid to 
a temperature within the operating range of the aromatics separation unit. This temperature will generally 
range from about ICQo to about 300°F. The cooled reaction product is then fed to separator Si via line 20 where 
a lighter gaseous stream is separated from a heavier liquid stream. The gaseous stream which is 
hydrogen-rich, is recycled, via line 22. to line 10 by first passing it through compressor Ci to increase Its 
pressure to feedstock pressure. Of course, during startup, the unit is pressured-up with hydrogen from an 
independent source until enough hydrogen can be generated in the first stage, or stages, for recycle. It is 
40 preferred that the first stage be operated in semiregeneratlve mode. 

The liquid fraction from separator Si is passed via line 24. through pressure reduction valve 25. to aromatics 
separation unit A where aromatic materials are separated, thus resulting In an aromatics-rich and an 
aromatics-lean stream. The terms "aromatic-rich" and "aromatics-lean- as used herein refer to the level of 
aromatics in the liquid fraction reaction stream after aromatics separation relative to the level of aromatics 
pnor to separation. That is. after a reaction stream is subjected to an aromatics separation technique two 
tractions result. One fraction has a higher level of aromatics relative to the stream before separation and is 
thus referred to as the aromatics-rich fraction. The other fraction is. of course, the aromatics-lean fraction 
Which can also be referred to as the paraffin-rich fraction. Aromatics separation can be accomplished by 
extraction, extractive distillation, distillation, adsorption, and by permeation through a semipermeable 
membrane, or by any other appropriate aromatics or paraffins removal process. Preferred is use of a 
semipermeable membrane. Both the aromatics-rich and the aromatics-lean streams will also contain paraffinic 
and naphthenic matenal. The aromatics-rich stream, because of the relatively high level of aromatic 
components, has a relatively high octane value. Such a high octane stream, which exits the separation unit via 
line 26. can be used as a high octane blending stock or it can be used as a source of raw material for chemical 
reeastocks. The aromatics-lean stream exits the separation unit via line 28 where It Is mixed with the 
hydrogen-nch gaseous product of the first stage via fine 29. which passes from the separator and through 

^ reforming stage by passing It through furnace F3 via line 30 

where it is heated to reforming temperatures. 

The heated aromatics-lean stream from furnace F3 is introduced into reactor R3 via line 32. The reaction 
stream from reactor R3 is then passed to furnace F4 via line 34 then to reactor R4 via line 36, Reactors R3 and 
also contain a reforming catalyst which may or may not be the same as the catalyst composition used in the 
Tirst reforming stage. Furthermore, any reactor, or portion thereof, of any stage may contain a reforming 
catalyst different than that of any other reactor so long as at least one reactor of a downstream stage contains : 
(0 a multirrjetallic, noble-metal containing reforming catalyst, or (ii) a noble-metal containing catalyst wherein 
the support matenal is a crystalline aluminosllicate material. Product from reactor R4 is passed to cooler K2 via 


25 


30 


35 


45 


SO 


55 


60 


65 


4 


BNSDOCID: <EP ^0343920A1J_> 


EP 0 343 920 A1 

line 38 where it is cooled and sent via line 40 to separator S2 where It is separated Into a liquid stream 42 and a 
hydrogen-rich make-gas stream 44 which is passed through compressor C2 after which it leaves the process 
unit or can be recycled to the process unit. It is preferred that the second stage be operated in cyclic mode 
with swing reactor R5, regeneration gas heater F5. compressor C3, and cooler K3. The second stage, as well as 
any additional downstream stages, is operated at a pressure at least 25 psig lower than the first stage, more 5 
preferably at a pressure less than about 200 psig total pressure, and most preferably less than 100 psig total 
pressure. While the figure shows only two reactors on oil for both stages, it is understood that any number of 
reactors can be used. Of course, economics will dictate the number of reactors and stages employed 
commercially. 

It is also to be understood that the figure hereof sets forth a preferred mode of practicing the instant 10 
invention and as such, many variations of the process scheme illustrated in the figure can be practiced and still 
be within the scope of the Invention. For example, at least a portion of the reaction stream from stage two can 
be recycled through the aromatics separation unit between stages one and two or it can be separated In an 
aromatics separation unit following stage two and the resulting aromatics-lean stream recycled to the second 
stage reactors. Further, a three stage reforming process can be employed with an aromatics separation unit 15 
between stages one and two as well as an aromatics separation unit following the third stage with the resulting 
aromatics-lean stream from this third aromatics separation unit recycled to the reactors of the third stage. 
Also, the same aromatics-separation unit can be used to produce an aromatics-rich and aromatics-lean 
stream from more than one reactor. 

Catalysts suitable for use herein include both monofunctlonal and bifunctional multimetalllc Pt-containing 20 
reforming catalysts. Preferred are the bifunctional reforming catalysts comprised of a hydrogenation-dehy- 
drogenatlon function and a acid function. The acid function, which Is important for Isomerization reactions, is 
thought to be associated with a material of the porous, adsorptive, refractory oxide type which serves as the 
support, or carrier, for the metal component, usually a Group VIII noble metal, to which is generally attributed 
the hydrogenation dehydrogenation function. The support material may also be a crystalline aluminosilicate 25 
such as a zeolite. Non-limiting examples of zeolites which may be used herein include those having an effective 
pore diameter, particularly L-zeolites, zeolite X, and zeolite Y. Preferably the Group Vill noble metal is platinum. 
One or more promoter metals selected from metals of Groups IIIA, IVA. IB. VIB, and VIIB of the Periodic Table 
of the Elements may also be present. The promoter metal, can be present in the form of an oxide, sulfide, or 
elemental state in an amount from about 0.01 to about 5 wt.0/0. preferably from about 0.1 to about 3 wt.0/0. and 30 
more preferably from about 0.2 to about 3 wt.0/0, calculated on an elemental basis, and based on the total 
weight of the catalyst composition. It is also preferred that the catalyst compositions have a relatively high 
surface area, for example, about 100 to 250 m2/g. The Periodic Table of which all the Groups herein refer to can 
be found on the last page of Advanced Inorganic Chemistry , 2nd Edition, 1966. Interscience Publishers, by 
Cotton and Wilkinson. ^ 

The halide component which contributes to the necessary acid functionality of the catalyst may be fluoride, 
chloride, iodide, bromide, or mixtures thereof. Of these, fluoride and. particularly, chloride are preferred. 
Generally, the amount of halide is such that the final catalyst composition will contain from about 0.1 to about 
3,5 wt.0/0. preferably about 0.5 to about 1.5 wt,o/o of halogen calculated on an elemental basis. 

Preferably, the platinum group metal will be present on the catalyst in an amount from about 0.01 to about 5 40 
wt.0/0. calculated on an elemental basis, of the final catalytic composition. More preferably the catalyst 
comprises from about 0.1 to about 2 wt.0/0 platinum group component, especially about 0.1 to 2 wt.0/0 platinum. 
Other preferred platinum group metals include palladium, iridium, rhodium, osmium, ruthenium and mixtures 
thereof. 

As previously mentioned, aromatics removal can be accomplished by extraction, extractive distillation. 45 
distillation, adsorption, by use of semipermeable membrane or any other appropriate method for the removal 
of aromatics or paraffins. Preferred is use of a semipermeable membrane. 

Semipermeable membranes suitable for use herein are those which are compatible with the reaction stream 
and which preferentially permeate the aromatic components of the feed stream at an adequate and 
sustainable rate. Non-limiting examples of membranes which meet these requirements include those made 50 
from polyurea, polyurethane, and polyurea/urethanes. 

The membranes used in the practice of the present invention may be cast in any thickness, membranes 
ranging in thickness of from about 0.1 to about 50 microns, preferably from about 0.1 to about 20 microns, and 
more preferably from about 0.1 to about 10 microns. 

The separation techniques used herein with membranes could include either perstraction or pervaporation. 55 
Perstraction involves the selective dissolution of particular components contained in a mixture into the 
membrane, the diffusion of those components through the membrane and the removal of the diffused 
components from the downstream side of the membrane by use of a liquid sweep stream. In the perstractive 
separation of aromatics from non-aromatics. the aromatic molecules present in the stream dissolve into the 
membrane film due to similarities between the membrane solubility parameter and those of the aromatic 60 
species ir^ the steam. The aromatics then permeate (diffuse) through the membrane and are swept away by a 
sweep liquid which is low In aromatics content. This keeps the concentration of aromatics at the permeate side 
of the membrane film low and maintains the concentration gradient which is responsible for the permeation of 
the aromatics through the membrane. 

The sweep liquid is low in aromatics content so as not to itself decrease the concentration gradient. The 65 
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5 memb.^'Sl?; ^nd'f^e " " ternperature 40o-l00oc. preferab^r as low as practical to enhance 

concentration drivinTforS^ ConseauentiC Int Jl^f ^°"'f '"'O™*^ membrane under a 

determined bythehydSamb3S5Lu«^^^^ "'^^^'^ ""^^ ^ ^"'P'°y^^ ^•'"^'^ P^«^"^e 

10 ^oid undesi^le coSS tf Tht pemteator used. Lower pressures are preferred to 

membrane, if it is membrane is supported on a porous backing, or njptUfB of the 

keep*'^rnfr;;;:%S ph^r"' """^ «^"^ '^'^ be increased to 

arom^c'r'pS«l?nSt?on^ higher temperatures than perstraction to enhance 

of the membi^e a!3 mlTain the concentr^ion nr!7^f w "^^^ ? P^""^^*^ fr*"" ^^e surface 

AS in l>erstraction,Te TOfc moS separation process, 

(diffuse) through said film anJem^iot^^^^^ 

vacuum generating equipment Pei^aDoratwHI^rl^nn ^^^^ aromatic molecules are removed by the 
streams of the prefenTinvenMonaTe ^rfo^^^^ aromatios from non-aromatics of the refon^nate 

so high as to cause phSd^ort^ t^ lm^«l^^^ 

temperature will usuSy'iS^ fZSoSt S^oT/!^^^ an urulesirable loss of selectivity. This 

the permeate side. The vacuum s^reSM,nti°ninot?«™^ or-der of about 1-50 mm Hg is pulled on 
permeate. ^ containing the permeate is cooled to condense the highly aromatic 

ofmeTbrertirr/blSr^^^^ 

membranes maybe usedl^ bun?ed3?u«S ^^"^ permeators. Tubes or hollow fibers of 

tubes or fibers or the outsSe o?Se tSS oS^ r ^'T^^^^*^ °«he 

in the pervaporation <^'!'J^:Tt^ s^LI'op^olitrth^ S' '^'^^ '^''^ ^^^"^ 

feedSSSrL'L'^^^^ rL^°l'-fl''erconfigu,.tlon with the 

the permeated species thereby m^tainino a ron~otr=r °" J.^^^ f^t^ide of the hollow fiber to sweep away 
condensed and colleS^ 2 a X r^r»n,2l^ « " ^'^'^'^I^- ?® P«""«ated aromatics-rich stream is 

reforming stage. ^ ^ retentate. or aromatfes-lean stream, continues on to the next 

conventional reforming emSSuSfaiS'JJssuS^^ "^P^''""°" °P^^^*««^ ^» 

because of the remov^ of a substenti^o^o^oJ ff ^ ^"^"'^ downstream of the aromatics removal. 

pressures, for exam^te S presstSl ^ to J« ?i,m Jh.. f^ff k'^^J^'^ ^ °P«^t^^ ^» ^^er 

ryX%Xe^3S-nS3r£H~^ 
ThrpSsS-drin-tS^^^^^^ 

hydll'ge'n^lchisZrthSeiJar^^^^ ^P^'^fna ^ once-through 

otherwise be required. Furthermore in ^'S""-*) ^vould 

need for a recycle gas comprSM^Sate th^ h^^^ 

Further, as previously discuSed of I hydrogen-nch make-gas in the downstream reactors, 

wherein the staae uostrLm ff« P^se"* Invention allows for a dual mode of operation 

independent oc^e streSSl^JoTfoTinV^^^^^^ P-^"9- "^-e two 

se^rS onS"i1o*aX:r^^^^^^^^ downstream reactors at lower octane 

lower severity also resuttsiMesl rdeSSble^ ^""^ •^^^'^^ "'^ regenerations. This 

present invention is that the ^omi?S stre^^ P™^"''**- A" additional benefit of the 

feedstocks such as benzene toT£n? SSS^Sne ^^'^'^^^ ^'^'^ ^^"^ '^^'"'"^'^ 

baSronSmSrlXrldfc^^^^^ 
es the scope of the inventiSi presented for illustrative purposes and not intended to d^ne 
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EXAMPLES 

Two sets of experiments were generated by a computer model of the reforming process. The first set. 
Comparative Example A and Example 1. are conducted at relatively high pressures whereas the second set. 
Comparative Example B and Example 2. are conducted at relatively low pressures. The feed for the first set of 5 
data is a 185°/330*»F cut petroleum naphtha comprised of 59 vol.o/o paraffins, 27 vol.oyb naphthenes, and 14 
vol. 0/0 aromatlcs. The feed for the second set of data is also a 185°/330OF cut petroleum naphtha, but it is 
comprised of 50 vol. o/o paraffins. 38 vol. o/o naphthenes. and 12 vol. o/o aromatics. The table below sets forth 
reaction conditions and predicted results. 
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Example 

Comp. A 

i 


2 


# Stages 

1 

o 

i 
1 

o 


Pressure, psig 






1st Stage 

420 

325 

190 


190 

2nd Stage 



85 

— 


50 

1st Stage 






Recycle Gas Rate. 

3 

2 

2 


2 

SCF/B 





2:1 

2nd Stage H2:C5 + 



2:1 

— 


Ratio 






Cycle Length, 






Months ; 






1st Stage 

2.5 

6 

Cyclic 


6 

2nd Stage 

- 

Cyclic 

— 


Cyclic 

C5+ Octane, 






RONC 






1st Stage 
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Claims 

1. A process for catalytically reforming a gasoline boiling range hydrocarbonaceous feedstock in the 50 
presence of hydrogen in a reforming process unit comprised of a plurality of serially connected reactors 
wherein each of the reactors contains a supported noble metal-containing reforming catalyst 
composition, the process comprising: 

(a) conducting the reforming in two or more stages comprised of one or more reactors; 

(b) separating aromatics from at least a portion of the reaction stream between each stage thereby 55 
resulting in an aromatics-rich stream and an aromatics-lean stream ; 

(c) passing at least a portion of the aromatics-lean stream to the next downstream stage, in the 
substantial absence of non-reformed hydrocarbonaceous feed; and 

(d) conducting the reforming of the aromatics-lean stream from (c) in one or more of the 
downstream stages wherein at least one of the reactors contains a reforming catalyst selected from: SO 
(i) a supported multimetallic catalyst wherein at least one of the metals is a noble metal, and the 
support is alumina, and (ii) a noble metal-containing catalyst wherein the support material is a 
crystalline aluminosilicate material; and wherein at least one downstream reactor Is operated in the 
substantial absence of steam, and at a pressure which is at least 25 psig (172.38 kPa) lower than that 

of the first stage. ^ 
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frr^llhri*™*^®® of claim 3 wherein the semipermeable membrane is comprised of a material selected 
from the group consisting of polyureas. poiyurethanes. and polyurea/urethanes 

the rIS?tSr!1J^^mnriL'^!rf°^n^^^^^ ■* *° t^.^''"" '■^^^""'"S ^^^^^'^^^ composition in one or more of 
iStS SpsSrATriB V B^ ^nrt^R^ ^^"^^"^ ""etal selected from Group VIII noble 

a cri^^numlLTc^fe support^ ^ °^ ^ <^^°"P ^" "^^t^" 

«r,orI'l!.^''°u?.®.°^ °^ "'^'"'^ *° 5 Wherein one or more of the downstream staaes is or are 

7 nrof that gaseous product, e.g. hydrogen-rich gaseous product, is n^eqS^d ' 

=nH P'^°'=!f® °^ claims 1 to 6 wherein the first stage is operated in semireaenerative mode 

c'o^^nlo^^^^^^ " '^'''^ ^^"'^ and/or Wherein Sne or'more SreS^Je L;^^^^^^^^^ 

strim frortSSs?stTg'e°"' °* ' '° ^ "^-^^^^ ^ -P^*«^ fro"* the reaction 

se^paSld'^frrhe-'.Sr^^^^^ 

rg-^htrordrgeT"^^^"'"^"-'^^^^^^^ 

oJ mill* «f t^^t °^ °^ ^'^""^ ^ to 9 Wherein a portion of the reaction product stream from anv one 
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